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Abstract:

DNA Methylation in Rodent Models:

Early life adversity (ELA), such as malnutrition, abuse, and
economic disparity, is an issue commonly seen in
adolescents, a group already facing increased risk for
stress-related disorders. This review of current literature
reveals that gestational stress exposure, as well as variations
in maternal care during postnatal development, cause
latent effects on the epigenome, specifically impacting the
glucocorticoid receptors (GRs) encoded by the NR3C1
gene. GRs bind to glucocorticoids to regulate the body’s
neuroendocrine stress response. However, in those with a
history of ELA, the number of GRs is reduced, generating
dysregulation within the hypothalamic-pituitary-adrenal
(HPA) axis. Rodent studies are utilized as a translational
model of reference since their first weeks postnatal mimic
the prenatal window of humans. That said, the details of
the DNA methylation pattern at the NR3C1 gene varies,
depending on species of rodent, ELA exposure, sex, and
age, but there are broad similarities. Overall, due to early
life adversity, data shows that epigenomic alterations in the
NR3C1 gene produce HPA axis dysregulation which
contributes to chronic stress and psychiatric disorders later
in life.

- Data shows that maternal behavior has direct effects on
DNA methylation, specifically exon 1 of the Glucocorticoid
Receptor (GR) gene.

Early Life Adversity (ELA):
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Low social status
Stressful events
Anxiety
Depression
Malnutrition
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Physical abuse
Emotional abuse
Sexual abuse
Pollution
Neglect (emotional &
physical)

Divorce/Separation
Domestic Violence
Substance abuse
Mental illness
Incarcerated parent

Figure 1. Potential causes of epigenomic effects in utero and early childhood
due to maternal adversity and early life adversity.

CpG Island Structure:
- CpG dinucleotides are the site of DNA methylation, and
clusters of these regions are known as CpG islands.
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Figure 3. Representation of methylated versus unmethylated CpG islands.
Methylation of the cytosine in CpG dinucleotide clusters can result in the
repression of gene expression.

Discussion:
Figure 2. Illustration depicting the repression of gene expression due to DNA
methylation in rodent models based on maternal behaviors.

Glucocorticoid Receptor (GR):
- Coded for by the NR3C1 gene (nuclear receptor subfamily 3
group C member 1)
- Receptor to which cortisol and other glucocorticoids bind
- Found in almost every body cell
- Regulates genes controlling development, metabolism, and
immune response
- Downregulation can have long-term and potentially
damaging effects on stress regulation

Hypothalamic-Pituitary-Adrenal (HPA) Axis:
- Primary system of mediation for the body’s stress response
- Negative feedback loop is created through the binding of the
NR3C1 gene, cortisol, and other glucocorticoids
- Severe or prolonged stress can cause excessive dysregulation
of HPA activity, resulting in altered functioning
- Responses are mediated by alterations in chromatin structure

Review of current literature found correlations between
DNA methylation, GR expression, and HPA responses to
stress in rat models. Maternal behaviors influence their
offspring’s stress response, and data showed a causal
relationship between maternal nurturing behaviors and
epigenetic factors, such as repressed GR expression. The
epigenomic state of a gene was also found to have the
potential to be reversed.

Future Goals:
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- Assay individual CpG
sites further
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